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INTRODUCTION
Energy losses in residential duct systems are estimated to total $15 billion annually. [Andrews and Modera 19911 Several barriers stand in the way of reducing these losses. One barrier is that measuring the losses in a particular ~O U S~' S duct system has required specialized equipment and training. Another barrier is that in most areas of the country, qualified vendors of duct repair services are not easy for the average homeowner to idenw.
A recent advance has been the development of a more-rapid test method for measuring duct leakage. Called the House Pressure Test, it is slated to be incorporated in a comprehensive national test method for thermal distribution efficiency being developed under the aegis of the American Society of Heating, Refrigerating, and Air-conditioning Engineers ( A S -) , with support fkom the U.S. Department of Energy. [ASHRAE 19971
The House Pressure Test makes use of pressure changes in the house and in the duct system, together with the air leakage flow coefficient of the house envelope, to calculate the leakage flows fiom the outside to the return duct, and fkom the supply duct to the outside, under normal system operation. The required measurements are of three types:
The pressure in the house with respect to the (vented) attic, under three operating conditions: 1) with the h a c e fan off; 2) with the furnace fan on; and 3) with the furnace fan on and the return register(s) partially blocked.
The pressure at the midpoint of the return duct, and at a representative point in the supply duct, under the second and third operating conditions described in the preceding bullet.
The air leakage flow coefficient of the house envelope (blower door test).
The pressure measurements can be made quickly and easily with a digital manometer and a set of plastic hoses. The flow coefficient measurement requires a blower door. The philosophy behind the House Pressure Test is that in any situation where home weatherization or other energy-efficiency improvements to the envelope are contemplated, the blower door measurement would be done anyway. Thus, the House Pressure Test can get the duct leakage rates with only a small additional investment of technician time.
It does, however, require that the homeowner take the initiative in locating and hiring qualified duct testers. This is a major roadblock, Since homeowners are likely to have other things on their minds. The need was seen, therefore, for a simple entry-level means whereby homeowners could either be motivated to seek professional assistance with their duct systems because problems are shown to be likely or else be reassured that their duct energy losses are probably low.
This report describes a simple cardboard-and-plastic device that can give approximate values for the measurements described in the first bullet. Moreover, it can obtain these values without the need for specialized test equipment such as a digital manometer, and it should be usable by untrained personnel such as a typical homeowner. The device conceptually could be sold in hardware stores and comparable outlets at a price of -$lo. Written instructions on the use of the device would be included. Also included in the package, in the conceptual delivery system model of which the device is an element, would be information on how to obtain professional assistance in the event that the home test shows a probability of significant duct leakage. A mechanism would need to be set up whereby firms d e s i g to be listed as sources of duct repair services would obtain certification of their competence.
THE HOUSE PRESSURE TEST
The House Pressure Test was conceived by Mark Modera of Lawrence Berkeley National Laboratory and is in the public domain.@lodera and Byme 19971 It uses the house itself as a pressure test chamber in which the effect of operating a duct system under varying conditions is used to assess duct leakage. As mentioned above, the pressure difference between the house and the attic (used as a proxy for the outside ambient) is measured under three test conditions: 1) with the firnace fan 0% 2) with the fiunace fan on; 3) with the h a c e fan on and the return register@) partially blocked off with newspaper or a piece of cardboard.
One sigruScant piece of infiormation is obtained just fkom the effect on the house pressure when the hrnace fan is turned on. Ifthis raises the pressure inside the house, it means that there is more leakage on the return side of the duct system than on the supply side. That is, more air is being drawn into the duct system fiom the outside (ii the return ducts) than is being discharged to the outside from the duct system (on the supply side). This excess air is blown into the house and thereby raises its pressure. Similarly, ifthe pressure inside the house drops, it means there is more leakage on the supply side of the duct system than on the return. Ifthe pressure does not change, it means that return and supply leakage rates are equal. This is important information, but it is not enough to give us the supply and return leakage rates separately. It only gives us their algebraic sum (with return leaks counted as negative). For example, if the pressure in the house does not change when the h a c e fan comes on, it could mean there is no leakage in either side of the duct system. But it could also mean that there is much leakage on both sides but that these two leakage rates are equal.
In order to provide another equation to solve for supply and return leakage rates individually, the house pressure test specifies that the return register now be blocked off enough to cause the pressure within the return duct to drop fkom the -30 to -50 Pa that is typical during normal operation to about -100 Pa. (The SI unit of pressure, the pascal, which is equal to one newton per square meter or 0.004 inches of water column, is universally used in duct testing, even when other quantities, such as flow rates, are measured in n? units.)
The return-blocked test provides a new operating regime that can differentiate, for example, between the two conditiofls discussed immediately above. Ifthere is no duct leakage at all, turning on the hrnace fan would have no impact on house pressure whether or not the return register is blocked. But if there are high (and equal) rates of supply leakage and return leakage under normal operation, blocking the return register will cause the pressure in the return duct to become more negative, increasing the return leakage. It will also cause the pressure in the supply duct to become less positive, decreasing the supply leakage. So now the leakage rates will be unequal, with return leaks dominating, and this will cause the house pressure to rise.
So in order to execute the House Pressure Test, it is necessary to have a way to measure the house-tooutside pressure difference, to an accuracy of a few tenths of a pascal. In the House Pressure Test, this is done by running a plastic hose to the attic and using it as a proxy for the outside. A digital manometer is then used to measure the pressure difference between the attic and the inside of the house. The homeowner's test kit described in this report substitutes a low-cost item that will eliminate the need for the manometer, although at sigmficant sacrifice of accuracy. It should be accurate enough, however, to be able to tell homeowners whether or not duct repair is likely to be needed in their homes.
In addition to the three house-to-attic pressure differences mentioned above, two duct pressure ratios are also needed in the calculation. One is the ratio (with the fbrnace fan on) of pressure in the return duct when the return register is blocked to that when the register is unblocked. The other is a similar ratio for the supply duct. The former ratio is obtained by running a hose into the return duct approximately halfway to the furnace and measuring the pressure when the return is unblocked and again when it is blocked. The latter is obtained by momentarily blocking one of the supply registers and taking a pressure reading inside it, under both return-unblocked and return-blocked conditions. The home test kit described in this report cannot make these duct pressure measurements. However, these ratios tend to fall within predictable ranges, and even without precise values one should still be able to obtain, in most cases, enough infomation to guide the homeowner to a decision on whether or not to call for further testing.
The one additional piece of information, the envelope flow coefficient measured with a blower door, will also not usually be available in a homeowneranducted test. In the House Pressure Test, the duct leakage scales heady w i t h this coefficient. It is envisioned that a preliminary estimate of its value, obtained fi-om the house's size, age, style, and state of repair might give a good enough "ballpark" value to enable reasonable estimates to be made for the purpose envisioned here, namely, to give the homeowner a &-cut answer to the question of whether he or she should be concerned about duct leakage. At the very least, it will permit an estimate of duct leakage's importance, relative to envelope leakase, in the overall energyloss budget of the home.
DESCRIPTION OF HOMEOWNER TEST KIT
The homeowner test kit is intended to provide a good-enough measurement to tell the homeowner whether duct energy losses are likely to be serious in his or her house. It uses materials that could be supplied in a package to be sold in stores for under $10. The test kit is conceived as part of a total system in which the consumer would do the test and then, if the results are positive, call an 800 number supplied with the kit to get a list of qualified practitioners in the area. This is similar to what the U.S. Environmental Protection Agency now does with radon test kits.
The test kit consists of a baf€le of cardboard or other easily trimmable material that is cut to size by the homeowner and inserted into the home's attic access hatch. It will come with a rectangular hole of predetermined size that is pre-cut into the bafne and covered with a sheet of thin plastic. A %-to 1-mil thickness such as is commonly sold in supermarkets for food wrappmg works well. The plastic sheet is not to be tautly stretched over the hole but rather should be somewhat flaccid, so that the observer can tell whether it is pushed up toward the attic or pulled down toward the living space by the pressure difference between the house and the attic. If under any test condition, the plastic sheet is pushed into the attic, the house is pressurized; ifit is pulled toward the living space, the house is depressurized. Figures 1 and 2 show a mockup of such a baf€le with its thin-film plastic insert.
As descriied so k, this device is able to tell the sign of the pressure difference between the house and the attic under each of the three test conditions--furnace fan off; fan on; and fan on with the return register(s) partially blocked. Specification of how much to block the return register is discussed later on in this report. Now, however, it is usefid to note that there is a way to quant@ the pressure difference between the house and the attic, beyond just knowing its sign, if this pressure difference 1s DOS -itive. This is accomplished by providing a set of weights with the test kit. These weights, typically 1 gram each, would be made fi-om strips of plastic magnet material such as is used in commerce for various purposes, the most common one seen by consumers being "r&gerator magnets." If the plastic sheet is seen to bow upward into the attic, weights are attached to its center until this center, with its weights, is pulled down so that it is on a level with the Cardboard baffle. The first weight is attached to a strip of doublesided tape at the center of the plastic wind^^." Additional weights adhere to the first via magnetism.
To use this scheme, it is necessary to establish a calibration curve relating the pressure difference to the amount of weight needed to balance the pressure difference. Figure 3 shows how this was done. An adjustable f8n known as a duct blower, which is normally used in duct pressurization testing, was used here to establish pressure differences between the house and the attic ranging fi-om 0 to 6 pascals. It was found that the calibration curve was very nearly a straight line passing through the origin, with a slope of 0.5 pascals per gram. Accuracy is estimated as k0.5 pascals for pressures below 2 pascals, and & 1 pascal for higher pressure differences.
We now have a mechanism that can measure the pressure difference between the house and the attic,
.
If the attic pressure exceeds that in the house, the plastic will bow downward, and adding weights will of cou~se only make it bow downward more tautly. In that case, we must content ourselves with just knowing the sign of the pressure difference and not its magnitude. However, this is not seen as a major drawback for the following reasons: 1) If the tests are performed when the inside of the house is warmer than the outside, stack effect will make the plastic bow upward initially (when the Mace fan is off).
2) This being the case, if the plastic bows downward when the furnace fan is turned on, this is already an indication that there is significant leakage on the supply side. If it still bows upward, the balancing test can be used.
3) partially covering the return register (with the M a c e fan on) always biases the house toward more positive pressure (or less negative pressure) than it had when the fan was on and the register was unblocked. It is thus very likely that for this test the plastic will bow upward, even if it didn't before.
Admittedly there will be cases where the test is inconclusive, for example if the test is performed in summer and the plastic bows downward for all three tests. Good advice to the homeowner would be to perform the test during the colder half of the year if possible. Then the stack effect will give the house-attic pressure difference enough of an "offset" from zero that the weighting procedure will prove effective in nearly all cases.
SOME PRELIMTNARY TEST RESULTS
The device was tested in a local home with forced-air heating. This home has a pull-down stairway up to the attic, so some ingenuity was needed to achieve an opening to the attic and yet have a tight seal. Figure 4 shows how this was done. The stairway cover was pulled down about 2 inches (enough to give a sufficient opening to the attic) and then the edges were taped over and, at one end, boxed in with a cardboard collar. The cardboard pressure measurement device was attached to the bottom of the collar. In Figure 4 one can see the plastic bowing upward because of the natural pressure difference due to stack effect. (The test was done in January.) Figure 5 is a closeup of the plastic, showing it pulled down to a neutral level with weights.
In this field test, the home test kit results were compared with the results of the House Pressure Test. In the House Pressure Test, the pressure differences between the house and the attic under the three fan conditions, as well as the duct pressures required for this test, were measured with a digital manometer.
For each furnace fan condition specified by the House Pressure Test, the home test kit was used to get a pressure difference value, and the digital manometer was used to get a more accurate value. The . Table 2 were obtained for supply and return leakage. This algorithm requires that the envelope leakage flow coefficient be known. Results of a previously conducted blower-door test were used in these calculations; this value, was 1790 CF'M50 or 147 cfm/Pa4-65. Note that returns leak inward; hence the minus signs. The test kit results were considered next. The quantity R is the ratio of return duct pressures (return blocked to unblocked), raised to the 0.6 power. This was assumed, on the basis of field tests in 8 Long Island homes [Andrews 199q to f d in the m g e 1.4 to 1.8. The quantity S is the ratio of supply duct pressures (return blocked to unblocked) raised to the 0.6 power. This was assumed, again on the basis of limited field-test data, to fall in the range 0.7 to 0.9. The values of duct leakage resulting from the test kit, for each combination of R and S values and return blockage, are given in Table 3 .
In getting the numbers in There is room for additional research here. Salient questions include:
The pressures in the ducts are not measured by the home test kit. Fortunately, the calculation only quires the ratios of these pressures. It may be that further work using the House Pressure Test on a large number of houses will enable the ranges of these ratios to be narrowed, or perhaps it will be possible to develop correlations of the ratios with house characteristics that can be observed by eye. Even if this does not prove feasible, however, the test kit as is will
give useful information in many if not most cases.
The algorithm for calculating the duct leakages uses the house envelope leakage flow coefficient, which is measured with a blower door. Since this number will not normally be available to the homeowner unless an expert is already on the scene, a method of getting a rough estimate of this from the house size, age, style, geographic location, and condition will be needed. It is likely that some correlations of this kind can be developed. We are also looking for clever ways in which the test kit itself might be used to get a handle on this number.
What is the expected repeatability and a'keuracy of the home test kit, and is this sufficient to justify its promotion? If a false positive is defined as a case where the home test tells the homeowner to call for help where it isn't needed, and a false negative tells the homeowner that everything is in order when it really isn't, can the numbers of both kinds of false readings be kept acceptably low? How shall the test be structured to optimize the ratio of those false positives to false negatives that remain? Answering these questions will require field studies in which the home test kit is used on the same houses as other duct leakage test methods.
